where J-l is the mobility,fthe frequency, N the number of carriers, and a o a constant, sometimes called Hooge's parameter, which was a. ;umed to have a value of about 2x 10-3 • Later experiments sometimes showed smaller values; for example, Park et aU found a o about 10-5 in some metal-oxide semiconductor field effect transistors (MOSFET),s.
Kleinpenning3 conjectured that Eq. (1) should also hold for the number I1N of carriers with energies between E and E + I1E, and that the mobilities in individual energy intervals fluctuated independently. He needed these assumptions in order to explain simultaneous measurements of thermoelectric 1//noise and resistance II/noise in semiconductors.
Hooge and Vandamme 4 showed experimentally that for highly doped semiconductor samples
where a o has the same value as in (1),J-l1 is the lattice mobilitY,J-li the ion mobility, andJ-l = J-l1J-li/(P1 + J-li) the total mobility. Equation (2) can be derived from Eq. (1) by assuming that only the lattice mobility fluctuates. Since J-li J-ll can be much smaller than unity, the total noise can be much smaller than (1) would predict. Weissman 5 has shown that Eq. (2) is incompatible with Kleinpenning's conjecture that Eq. (1) applied to individual energy intervals. We shall show that this is probably caused by the fact that Kleinpenning's conjecture is incorrect, so that Weissman's argument does not affect the validity of (2).
We propose here that the mobility fluctuation 1// noise, due to lattice scattering, is caused by slow fluctuations in the free path length of the carriers. To demonstrate this, we must go back to the basic expression for the mobility
where e is the electron charge, m* the effective mass, v the velocity between collisions, I the free path length of the carriers, and ( ) a suitably chosen average. It is here assumed that the dc field used to accelerate the electrons between collisions is very small. It should be clear from (3) that fluctuations in 1 are the only possible source for fluctuations in J-l.
We now reinterpret this formula by looking at a single electron for a time interval of 10-6 sec. During that interval there are about 10 6 collisions. The actual path lengths between collisions and the velocities along these paths will fluctuate widely during that interval and will take all the allowed values in the statistically predicted proportions, even though the phonon energies involved are relatively small. Therefore, Eq. (3) should remain valid if ( ) is interpreted as a time average for a single electron over the 10-6 sec. On the other hand, this time interval is sufficiently short, so that slow fluctuations in I, even though they exist, will not yet be noticed.
We thus conclude that Eq. (3) should be correct under the restated conditions. But even in this situation Eq. (3) does not hold for the individual energy intervals of the electrons; the averaging over the energy has already taken place. Therefore Eq. (1) cannot be true for the individual energy intervals. Hence the assumption of independent mobility fluctuations in these individual energy intervals is not meaningful. Therefore Kleinpenning's conjecture is not vindicated.
We first look at the slow fluctuations 111 in 1 of a single electron, and we first assume that 111 has a single time constant r. Then, if--again denotes an ensemble average
which is correct since it satisfies the rule 11/2 = 1 00 Slif)df
If we now assume instead that there is a normalized distribution in time constants r of the usual form .dp. = (elm.){l/v)(.~.dl)IN, (10) by the square of (8a) yields
by virtue of (7). Since p. ~ and I ~l, this corresponds to (I).
We have thus proved (1) The only remaining question is where the free-pathlength fluctuations come from. We propose that they are caused by the interaction of the electrons with slow fluctuations in the longitudinal phonon population of the sample, and that this interaction involves a time constant distribution of the form (5).
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Appl. Phys. Lett., Vol. 38, No.4, 15 February 1981 If ~N4 is the fluctuation in the phonon population with wave vector q, the fluctuation ~l in I is (12) q where the summation is over all phonons and Cq is a proportionality factor that must be evaluated from the detailed theory. Hence
where T' q if the time constant associated with phonons of wave vector q; it is here assumed that phonons with different q fluctuate independently. Since T' q depends on q, the summation over all q corresponds to a summation over a time constant distribution as required .
It should be clear that in this suggested model only the lattice scattering will be noisy, so that expression (2) of Hooge and Vandamme is vindicated in every respect. We also conclude that the interpretation of the thermoelectric l/fnoise and the resistance fluctation l//noise of semiconductor bars, given by Kleinpenning, needs to be redone.
A detailed account of the longitudinal phonon model will be published later. We thought it worthwhile, however, to lay the foundation of the model first. This work was supported by an NSF contract with the University of Minnesota. 4F. N. Hooge and L. K. J. Vandamme, Phys. Lett. A 66,315 (1978) . 5M. B. Weissman, Physica (Utrecht), l00B, IS7 (1980) .
